Abstract: This paper is concerned with stability and controller design of networked control systems (NCSs) with two different working status. Firstly, the working status of NCSs are considered as two different cases: the normal case and the un-normal case. In normal case, the work process of NCSs are described by two independent working process: one is the packet dropouts process; the other is the network induced delay process. In un-normal case, there are two goals should be achieved for designing: one is to simulate the initial system for restarting the normal case; the other is to ensure the stability of NCSs as much as possible. Secondly, according to the designed networked controller, a novel necessary and sufficient condition for guaranteeing the stability of the NCSs under the un-normal case is proposed. Furthermore, the dynamic behavior of the NCSs where switching between the normal case and the un-normal case is considered. Finally, a numerical example illustrates the effectiveness of the results.
INTRODUCTION
A typical NCSs can be considered as a sampled-data feedback control system with communication network [1] . It is well known that the use of NCSs has many considerable advantages in practice, such as reduced system wiring, low weight, easy of system diagnosis and maintaining [2] . But the communication network itself is a dynamical system including some issues, such as data packet dropouts, limited bandwidth, time-delay, and quantization, which might be potential sources of instability and poor performance of control systems [3] . Therefore, during the last decade, a great deal of studies have been developed to the analysis and synthesis of NCSs, for example, see [4] [5] [6] .
Although NCSs have been studied by many researchers for a number of years, there are still some interesting problems that deserved further research. In particular, the socalled multi-rate technique has been successfully developed and widely used in modern industry. In [7] , the authors firstly concerned the design problem of NCS with piecewise constant generalized sampled-data hold (PCGSHF). They pointed out that there are many remarkable advantages for employing PCGSHF in lieu of ZOH. The main reason of these advantages is the hold function itself is the design variable instead of a given constant (such as ZOH). Correspondingly, the additional design degree-of-freedom can be gained for improving the system performance. The study in this paper can be considered as the development of the theory in [7] . It should be mentioned that due to the added design degree-of-freedom by introducing the PCGSHF, the design strategy where based on the characteristics of the communication network may be improved. It is well known that because of the complexity of network environment, some given characteristics of the communication network may change occasionally. For example, according to the actual testing situation, a serious of parameters for describing the characteristics of the communication network can be confirmed. Correspondingly, all of the system components are designed based on these conditions. However sometimes in actual operation, the considered conditions may be incompletely, which leads to the failure mode. In fact, a better control strategy where based on conditions is not related to the given conditions, but also perfect for fault tolerant, which is induced by unexpected conditions. Here it should be note that the existing results for studying fault-tolerant control problem of NCSs have concentrated on the fault of system components rather than the given characters of network, for instance, see [8, 9] . So it is necessary to propose an effective strategy for handling the fault, which is caused by the variation of given design condition. Such observation motivates the current study.
In this paper, we consider the stability and controller design problem of networked control systems (NCSs) with two different working status. The obtained results can be considered as the development of the theory in [7] , which only consider the normal case. Under consideration of networkinduced delay and data packet dropout phenomenon in the transmission, the system model where including two work patterns (the normal and the un-normal) for the NCSs with PCGSHF is proposed. Under the normal case, both the networked controller and the weights of PCGSHF for ensuring stability of NCSs are designed according to [7] . The unnormal case is based on the unexpected conditions, which are in contrast with the given characters of communication network. There are two goals should be achieved for designing: one is to simulate the initial system for restarting the normal case; the other is to ensure the stability of NCSs as much as possible. So a novel necessary and sufficient condition for guaranteeing the stability of the NCSs under the unnormal case is proposed. Furthermore, the dynamic behavior of the NCSs where switching between the normal case and the un-normal case is considered. Finally, a numerical example illustrates the effectiveness of the results.
PRELIMINARIES
In this paper, the plant of NCSs is considered as
where ( ) These assumptions were taken into account in the [7, [10] [11] [12] . According to the above assumptions, it is obvious that the operative mode of NCSs is constituted by two cases, the successful transmissions and the un-successful transmissions. With regard to the successful transmissions, a set
is considered and denoted the sequence points of successful transmissions from the sensor to the actuator. Correspondingly, according to [7] , the model of NCS in normal case can be obtained, 
a , a is the number of segments for PCGSHF during one sampling period. Here it should be noted that the obtained (3) and (4) are based on the assumptions A1 and A2 (the normal case in Fig.  1 NCSs enter into the un-normal case, which is described as in Fig. (1) . In un-normal case, there are two goals should be achieved: one is to simulate the initial system for restarting the normal case; the other is to ensure the stability of NCSs as much as possible. Based on the both goals, the control strategy can be designed as follows: At first, we assume the first time of the un-normal case appears at the instant ( )
, Correspondingly, the control strategy can be designed as 
According to (5) and (6) (3) can be designed by using the criterion in [7] . With regard to the un-normal case, the main object of this paper is propose an effective algorithm which satisfying necessary and sufficient condition for obtaining the maximum allowable refresh time of the designed NCSs [13] [14] [15] . 
and ( ) 
in which 
Proof: From (3) and (4), we have
and
By using the iteration of (10), there exists By using the iteration of (11),
Furthermore, according to the proposed control strategies (9) and (10), we have By using the iteration of (13) and (14), we can obtain 1  1  1  1   1   2   1  1  1  1   2  2  2  2   2   3 , , 
in which
Therefore, based on the (7), it is obvious that the necessary and sufficient condition for guaranteeing the stability of the NCSs under the un-normal case is that there exists ( )
EXAMPLE
In this section, we present a numerical simulation to show the application of the proposed method in this paper. Furthermore, we consider the dynamic behavior of the NCSs where witching between the normal case and the un-normal case. The initial condition response under the networkinduced delay and packet dropouts is plotted in Fig. (2) and shows that under normal case and un-normal case, the proposed control strategy works well. Therefore, based on the above analysis, it is obvious that the proposed control strategy in this paper is effective Fig. (3) . 
CONCLUSION
In this paper, we have considered the stability and controller design problem of networked control systems (NCSs) with two different working status. The obtained results can be considered as the development of the theory in [7] , which only consider the normal case. Under the un-normal case, there are two goals have been achieved for designing: one is to simulate the initial system for restarting the normal case; the other is to ensure the stability of NCSs as much as possible. By proposing a necessary and sufficient condition for guaranteeing the stability of the NCSs under the un-normal case, the dynamic behavior of the NCSs where switching between the normal case and the un-normal case has been studied.
